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GASIF'ICATION PROCESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process for forming 

hydrogen-containing gas mixtures by catalytic partial 
oxidation of hydrocarbon mixtures containing a heavy 
residual oil. . 

2. Description of Prior Arts 
As the process for the gasi?cation of natural gases 

and light hydrocarbons such as petroleum fractions of 
up to naphtha, there are known a partial oxidation pro 
cess using a nickel catalyst, a steam reforming process 
and a non-catalytic partial oxidation process. For the 
gasi?cation of hydrocarbon mixtures containing a 
heavy residual oil, such as crude oils, atmospheric pres 
sure distillation residual oils and vacuum distillation 
residual oils, only the partial oxidation process not using 
a catalyst is worked on an industrial scale, and the cata 
lytic steam reforming process or the catalytic partial 
oxidation process has not yet been industrialized. 
The process for the gasi?cation of a hydrocarbon 

mixture containing a heavy residual oil by non-catalytic 
partial oxidation has already been utilized for produc 
tion of synthesis gases such as ammonia and methanol 
synthesis gases. With recent tightening of regulations 
for the maximum permissible 80; concentration in ex 
hausted gases for prevention of environmental pollu 
tion, application of this partial oxidation process to 
desulfurization gasi?cation for obtaining clean fuel 
gases by removing from the formed gas mixture sulfur 
which is converted to hydrogen sul?de at the gasi?ca 
tion has been tried in the art. 

This non-catalytic partial oxidation process com‘ 
prises adding steam to a heavy residual oil and partially 
burning the heavy oil at a temperature higher than 
about l,300° C. by oxygen, oxygen-rich air or air to 
thereby gasify the heavy residual oil. Since a high tem 
perature is required in that process, oxygen must be 
used in a large quantity when oxygen is used. There 
fore, that process is defective in that an expensive oxy 
gen supply apparatus having a large‘capacity must be 
provided. When air is used, a large quantity of compres 
sion power must be supplied to the air compressor. 
Heat is recovered from- a high temperature gas 

formed by the gasi?cation by generating steam by heat 
exchange, but since carbon is present in the gas and the 
gas pressure is high, the expenses of equipment for per 
forming this heat exchange become tremendous. 

Further, in order to obtain a high temperature, a 
larger proportion of the starting oil must be burnt. 
Therefore, the yield of the formed gas is reduced al 
though the quantity of steam obtained by heat recovery 
increases. 

In the fuel gas or the synthesis gas production pro 
cesses in which it is a primary object to obtain the 
formed gas, reduction of the yield of the formed gas 
results in reduction of the productivity of the process. 
‘Even if all of steam, electric power and fuel gas are 
intended products, when the yield of the fuel gas is low, 
the range of controlling the production ratio of steam, 
electric power and fuel gas is narrowed and the ?exibil 
ity of the process becomes small. 

If the yield of the fuel gas is high, it is possible to 
generate electricpower by using‘ the steam'formed‘ by 
employing the fuel gas for a‘ boiler. In other words, the 
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2 
ratio of the outputs of steam, electric power and fuel gas 
can be selected optionally to some extent. 

Furthermore, since the reaction temperature is high 
in the above-mentioned non-catalytic partial oxidation 
process, the spray nozzle for feeding the starting oil to 
the reactor is extremely damaged, and replacement of 
nozzles must be performed frequently, resulting in a 
reduction of the operation efficiency. Moreover, be 
cause of the high reaction temperature, the refractory 
bricks constituting the inner wall of the reactor are 
damaged by heavy metals contained in the heavy resid 
ual oil. 

Still in addition, in the above non-catalytic partial 
oxidation process, formation of carbon in an amount of 
2 to 4% cannot be obviated, and therefore, equipment 
expenses must be additionally increased for removal of 
the formed carbon and recycle of it to the feed stock 
and the operation ef?ciency is lowered accordingly. 

In order to overcome the foregoing defects involved 
in the conventional process, it is desired to perform 
gasi?cation at lower temperatures by the catalytic par 
tial oxidation and to reduce formation of carbon. 

It is known that catalysts comprising as a main active 
component an alkali metal such as Na and K or an 
alkaline earth metal such as Be, Mg, Ca and Sr are 
effective for such catalytic gasi?cation. 
As the process using a catalyst of this type, there are 

ordinarily considered a process using a ?uidized bed 
reactor and a process using a ?xed bed reactor. When a 
fixed catalyst bed reactor is used for gasi?cation of a 
hydrocarbon mixture containing a heavy residual oil, 
the catalyst bed is clogged in a short time by carbon 
formed by the reaction and continuation of the opera 
tion becomes impossible. Therefore, efforts have here 
tofore been mainly made to develop a process using a 
?uidized bed reactor. 
The fluidized bed is not adversely affected directly by 

formation of carbon, but the process using a ?uidized 
bed is defective in that complex techniques must be 
developed for prevention of wearing of catalyst parti 
cles, facilitation of supply and withdrawal of the cata 
lyst, increase of the operation scale and elevation of the 
operation pressure. 

If the defect of clogging by deposited carbon is elimi 
nated, the process using a reactor of the ?xed bed type 
will apparently be advantageous because the structure 
of the reactor is simple and the operation ef?ciency is 
high. 

SUMMARY OF THE INVENTION 

An object of this invention is to continuously gasify a 
liquid hydrocarbon containing a heavy residual oil by 
performing catalytic partial oxidation at low tempera 
tures by contacting it with the ?xed catalyst bed sub 
stantially without deposition of carbon in the catalyst 
bed. ' 

According to this invention there is provided a gasi? 
cation process for forming a gas mixture containing 
hydrogen by atomizing a liquid hydrocarbon including 
a heavy residual oil with a mixture of an oxygen-con 
taining gas and steam in an atomizing zone and contact 
ing the mixture containing the atomized hydrocarbon 
drops with a ?xed catalyst bed, characterized by intro 
ducing the formed jet streams of the hydrocarbon, oxy 
gen-containing gas and steam to the catalyst bed while 
adjusting the residence time in the atomizing zone to 
0.05 to 5 seconds substantially without forming eddy 
currents and carrying out the reaction at a temperature 



4,115,074 
3 

of at-least 850° C. to form said gas mixture. It is suitable 
that the hydrocarbons including heavy residual oils 
used in this invention have a speci?c gravity of from 0.8 
to 1.3 and a ratio of hydrogen atom to carbon atom in 
the range between 0.8 and 2.4, especially 1.2 and 1.8. As 
the heavy residual oil, there may be used crude oil, 
atmospheric pressure distillation residual oils, vacuum 
distillation residual ‘oils, propanedeasphalted oils and 
mixtures of the above mentioned residual oils and hy 
drocarbons such as light fractions of petroleum. 
Heavy residual oils are different from light petroleum 

fractions in the point that they are not completely va 
porized by heating but decomposition and coking take 
place. Accordingly, when a hydrocarbon mixture con 
taining a heavy residual oil is partially oxidized, it is 
very important to atomize the starting hydrocarbon 
mixture with a gasifying agent, i.e., an oxygen contain 
ing gas and steam and mix the ?ne atomized drops uni 
formly with said gasifying agent. 

If atomization is insufficient or uniform mixing with 
the gasifying agent is not attained, carbon is formed 
beyond the gasifying ability of the catalyst, resulting in 
clogging of the catalyst bed. 
An atomizing zone having a size exceeding a certain 

limit is necessary for attaining this atomization. It is 
construed that this necessary size of the atomizing zone 
will correspond to a residence time of about 0.001 sec 
ond. Accordingly, it is deemed that it is necessary that 
the atomizing zone should have a size suf?cient to pro 
vide a residence time of at least 0.001 second. However, 
it has been found that if the atomized hydrocarbon is 
immediately contacted with the catalyst bed, the sur 
face of the catalyst is blackened with carbon and deposi 
tion of carbon is caused. The reason has not been com 
pletely elucidated, but it is construed that the mixing 
with the gasifying agent is insuf?cient or that the‘ tem 
perature of ?ne oil drops just after atomization is low 
and the catalyst with which such oil drops are con 
tacted is not allowed to exert a suf?cient gasifying abil 
ity at such low temperature. It istdeemed that it is pre 
ferred that the ?ne oil drops shall be heated to suitable 
temperatures by radiant heat of the catalyst bed or 
?ame or by convection of heat by the formed gas and 
then be introduced to the catalyst bed with partial de 
composition and combustion. The starting hydrocarbon 
is preferably introduced in the form of a jet stream of a 
uniform mixture of the ?nely atomized hydrocarbon 
drops and the gasifying agent for prevention of forma 
tion of carbon. From the results of experiments made by 
us, it has been found that at a reaction temperature 
higher than 850° C., a residence time of at least 0.05 
second is necessary, although this residence time is 
varied to some extent depending on the kind of the 
starting hydrocarbon oil or the temperature of the gas 
ifying agent. 

If the heated ?ne oil drops reside in the atomizing 
zone for too long a time, the temperature is further 
elevated and after completion of the reaction with oxy 
gen in the gasifying agent, many complicated reactions 
occur simultaneously, resulting in the formation of car 
bon. Therefore, it is necessary to introduce the ?nely 
atomized oil drops tothe catalyst bed in a certain period 
of time. As a result of experiments, it has been found 
that it is preferred that when the reaction is carried out 
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oil drops are introduced to the catalyst layer within a 
residence time of 5 seconds. Even if the residence time 
exceeds 5 seconds, formation of carbon is not abruptly 

4 
caused although slight formation of carbon is observed. 
However, in view of the reduction of construction‘ ex 
penses of the reactor, a shorter residence time is pre 
ferred, and a residence time longer than 5 seconds re 
sults in an economical disadvantage. 

In the present invention, it is necessary that substan 
tial eddy currents are not caused in the atomizing zone. 
This has been found based on experimental results. The 
reason is considered to be that in the space of the atom 
izing zone where eddy currents are present, the ?nely 
atomized drops reside for too long a time in such space 
because of the eddy currents, and such undesirable 
phenomena as the occurrence of complicated reactions, 
deposition of carbon and insuf?cient mixing with the 
gasifying agent in the vicinity of the eddy currents are 
brought about. 

In order to prevent formation of eddy currents, ac 
cording to embodiments of this invention, the atomizing 
zone has a cylindrical or frustoconical shape, as shown 
in FIG. 1 and FIG. 2, wherein the inside diameter at the 
top end is twice as large as the diameter of the nozzle 
and an angle substantially smaller than the atomization 
angle of the jet streams which are composed of starting 
hydrocarbon oils and a gasifying agent and atomized 
from the nozzle. Such atomization angle depends on the 
structure of the nozzle. It furthermore is such that all of 
the inside of the atomizing zone can be substantially 
seen from the center of the nozzle. Provided that the 
above mentioned requirements are satisfied, the periph 
ery of the atomizing zone may be a little curved or 
zigzag. A reaction vessel whose inner wall is composed 
of a heatresistant alloy or ceramic material such as'alu 
mina, which has a cylindrical or frustoconical shape, 
may be used as such atomizing zone. Alternately, a 
structure having such shape may be placed in the cata 
lyst bed to form the atomizing zone, as shown in FIGS. 
1 and 2. In the latter case, the space-forming structure 
may be a porous or cage-like structure having holes 
having a size not permitting the entry of the catalyst 
into the atomizing zone. . 
A suitable gap may be provided between the nozzle 

and the atomizing zone-forming means, otherwise-holes 
or slits may be provided in the upper portion of said 
means, so that a product gas mixture can be circulated 
therethrough from the catalyst bed by the aspiration 
caused by the atomization from the nozzle. In this case, 
the holes and slits are preferably located so that circu 
lated gases may be introduced very close to the nozzle. 
The starting hydrocarbon oils [and a gasifying agent 

are mixed so that the steam ratioof moles of‘Hz‘O to 
vatoms of carbon may be from 0.3 or more, preferably 
from 0.3 to 2.5._ The ratio of moles of oxygen to atoms 
of carbon depends on the kind of starting hydrocarbon 
oil used, the steam ratio, the temperature to which the 
starting hydrocarbon oil and the gasifying agent are 
pro-heated and the reaction temperature, and is “gener 
ally from 0.25 to 0.7. As to the reaction temperature, the 
temperature of the gas of the outlet from the" catalyst 
bed is 850° C. or higher, preferably 850° to 1200" C., 
most preferably 950° to 1100° C. The reaction pressure 
is preferred to be from atmospheric pressure to 150 
kg/cm2 (gauge), especially 30 to 100 kg/ci'n2 (gauge). 
The starting hydrocarbon oils are preferred to have a 
temperature of from normal temperature to 400° C., 
especially from 100° to 350° C. The gas containing 
oxygen and steam are preferred to have temperatures of 
200° to 1000° C., especially as to the former 200° to 800° 
C. and as to the latter 400° to 800° C. As the oxygen 
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containing gas, there may be used air, oxygen gas and a 
mixture thereof having a desired proportion. It is pre 
ferred that the jet stream of the gasifying agent contain 
ing ?nely atomized oil drops has, at the nozzle outlet, a 
velocity ranging from 100 m/ sec. to sonic velocity, and 
has an atomization angle of less than 90°, especially less 
than 45°. 
As a catalyst to be used in this invention, there may 

be used one or more elements selected from the group 
I consisting of an alkali metal such as Na and K and an 
alkaline earth metal such as Be, Mg, Ca and Sr as an 
active components. 

This invention provides advantages such that hydro 
carbon oils including heavy residual oils can be gasified 
by the catalytic partial oxidation substantially without 
formation of carbon in the catalyst bed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1 to 3 illustrate schematic cross sections of 
reactors A, B and C used in the Example, respectively. 

EXAMPLE 

Calcium aluminate or potassium aluminate was 
packed as a catalyst into an alumina reactor having an 
inner diameter of 200 mm and a length of 1,500 mm, and 
an atomizing zone as shown in FIG. 1, 2 or 3 was 
formed in the vicinity of the top end of the atomizing 
nozzle. Thus, 13 runs of gasi?cation indicated in Table 
1 were conducted. After 48 hours’ continuous opera 
tion, the reactor was disassembled and the presence or 
absence of carbon deposited on the surface and interior 
of the catalyst layer was examined. 

Reactors A, B and C used in these runs are shown in 
FIGS. 1 to 3. More speci?cally, FIG. 1 illustrates the 
cross-section of the reactor A. A nozzle 1 with the 
atomization angle of 25° is disposed to atomize the start 
ing oil with air or oxygen and steam. The reactor wall 
2 is ordinarily protected by refractory bricks of alumina 
or the like. A frustoconical refractory material structure 
3 composed of alumina or other ceramic material is 
disposed to form an atomizing zone. The inner diameter 
of the upper portion is 45 mm and the inner diameter of 
the lower portion is 75 mm. The gasifying catalyst 4 has 
a cylindrical shape 10 mm in the diameter and 10 mm in 
the length. Reference numeral 5 represents the atomiz 
ing zone. 
FIG. 2 illustrates the cross-section of the reactor B, 

which is the same as the reactor A shown in FIG. 1 
except that an atomizing zone 3 has a cylindrical shape 
45 mm in inner diameter. 
FIG. 3 illustrates the cross-section of the reactor C, in 

which an atomizing zone 5 is formed by the reactor wall 
per se and no contrivance is provided to prevent forma 
tion of eddy currents. 
The catalysts used in these runs were prepared in the 

following manner: 

Catalyst A (Calcium Aluminate) 
Alumina cement (80% of AA2O3 and 19.5% CaO) 

was mixed with calcium hydroxide, and the mixture 
‘was molded and calcined at 1,300° C. for 24 hours. 
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Catalyst B (Potassium Aluminate) 
Potassium carbonate was mixed with aluminum hy 

droxide in an amount of 6 moles per mole of potassium 
carbonate, and the mixture was molded, calcined at 
l,500° C. for 1 hours and pulverized. Then, the resulting 
particles were mixed and kneaded with sawdust and a 
binder, molded into a cylinder having a diameter of 10 
mm and a length of 10 mm and calcined at 1,500" C. for 
6 hours. 

In run No. l, gasi?cation was carried out so that the 
residence time in the atomizing zone of the frustoconi 
cal shape (the length being 45 mm) in the reactor shown 
in FIG. 1 was 0.02 second. When the reactor was disas 
sembled, it was found that the surface of the catalyst 
layer was blackened and sooty carbon was present. 

In runs Nos. 2, 3, 4 and 5, the length of the frustoconi 
cal space of the atomizing zone or the pressure was 
arranged so as to control the residence time in the range 
of from 0.05 to 3.0 seconds. In each run, deposition of 
carbon was not observed at all. 

In run No. 6, the residence time in the frustoconical 
space of the atomizing zone was 5.5 seconds. When the 
reactor was disassembled, it was found that a slight 
amount of sooty carbon was scattered on the catalyst 
layer. 

In run No. 7, the space of the reactor above the cata 
lyst layer was used as the atomizing space. The resi 
dence time was about 2.5 seconds. Since the reactor had 
such a structure that swirling streams were readily 
formed in the atomizing space, carbon was deposited on 
the catalyst bed in a thickness of about several millime 
ters. 

In run No. 8, the starting oil was atomized in a cylin 
drical space of the atomizing zone corresponding to a 
residence time of 1 second. As in case the above-men 
tioned frustoconical shape, deposition of carbon was 
not observed at all. 

In run No. 9, oxygen was used instead of air. Simi 
larly, deposition of carbon was not observed. 

In run No. 10, the gasi?cation temperature in run No. 
3 was lowered by 100° C., namely, the gasi?cation was 
carried out at 900° C. As in run No. 3, deposition of 
carbon was not observed at all. 

In run No. 11, the catalyst used in run No. 4 was 
replaced by potassium aluminate. As in run No. 4, depo 
sition of carbon was not observed at all. 

In run No. 12, the pressure used in run No. 4 was 
elevated by 10 times. As in run No. 4, deposition of 
carbon was not observed. ‘ 

In run No. 13, eight openings having 5 mm diameter 
were provided in the upper portion of a space-forming, 
frustoconical refractory material in the manner such 
that the upper end of the opening might be as high as 
the end of the nozzle, whereby product gases were 
circulated by the aspiration caused by the atomization 
from the nozzle. In this test, there could also be ob 
served no deposition of carbon. 

Reaction conditions in runs Nos. 1 to 13 and obtained 
results are summarized in Table 1. 

Table l 
Reac- Residence 

Start- tion Pres- Time in 
ing . Temper- sure Shape of Atomizing 

Run Oil‘ Steam Air ature (Kg/ ‘ Atomizing Space Deposition 
N0. Catalyst U (Kg/hr) (Kg/hr) (Nmzlhr (° C) cmz. G) Space (sec) of Carbon 

COH 
sooty 
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Table l-continued 
Reac- Residence 

Start- tion Pres- Time in 
ing Temper- sure Shape of Atomizing 

Run Oil‘ Steam Air ature (Kg/ Atomizing Space Deposition 
No. Catalyst (Kg/hr) (Kg/hr) (NmZ/hr (‘ C) cmz. G) Space (sec) of Carbon 

trol 1 catalyst A 1.0 2.4 3.6 1000 0.2 reactor A 0.02 carbon 

A 1.0 2.4 3.6 1000 0.2 A 0.05 not 
this observed 
in- 3 A 1.0 2.4 3.6 1000 0.2 A 0.2 ” 
ven- 4 A 1.0 2.4 3.6 1000 3.0 A 1.0 ” 
tion 5 A 1.0 2.4 3.6 1000 4.0 A 3.0 " 

6 A 0.7 1.7 2.5 1000 4.0 A 5.5 slightly 
con- scattering 
trol 7 A 1.0 2.4 3.6 1000 0.2 reactor C 1.0 vigorous 

deposition 
8 A 1.0 2.4 3.6 1000 3.0 reactor B 1.0 not 

observed 
this 9 A 1.0 2.4 0.75 (07) 1000 0.2 reactor A 0.2 " 
in- 10 A 1.0 2.4 3.6 900 0.2 A 0.2 " 
ven- ll catalyst B 1.0 2.4 3.6 1000 3.0 A 1.0 " 
tion 12 catalyst A 10.0 24 36 1000 30.0 A 1.0 " 

13 A 1.0 2.4 3.6 1000 0.2 A" 0.05 " 

Notes/ 
‘:resyidual oil fonned at reduced pressure distillation of crude oil produced in Kuwait; Speci?c gravity (IS/4’ c) 1.033, C:83.97 wt.%, 11:10.33 wt.%, $25.21 

":Eight openings having 5 mm diameter were provided in the upper portion of the space~forming, frustoconical refractory material so that the upper end 
of the openings might be as high as the end of the nozzle. 

The embodiments of the invention in which an exclu 
sive property or privilege is claimed are de?ned as 
follows: 

1. In an apparatus for the catalytic partial oxidation of 
heavy residual oil-containing hydrocarbons to give a 
gas mixture, said apparatus comprising a reaction vessel 
containing an atomization nozzle and a ?xed catalyst 
bed spaced from said atomization nozzle, the improve 
ment which comprises: means de?ning a catalyst-free 
atomizing zone extending from said atomization nozzle 
and projecting into said ?xed catalyst bed, said atomiz 
ing zone having a cylindrical or frustoconical shape; the 
inside diameter of the end of said atomizing zone adja 
cent said atomization nozzle having a diameter within 
twice as large as the diameter of said nozzle; the angle 
of the sidewall of said atomizing zone being smaller 
than the atomization angle of the streams from said 
nozzle; and all the inside wall of said atomizing zone 
being visible from the center of the nozzle. 

2. In a gasi?cation process for forming a gas mixture 
containing hydrogen by atomizing in nozzle means a 
hydrocarbon containing a heavy residual oil with a 
mixture of an oxygen-containing gas and steam, mixing 
same in an atomizing zone to form a uniform mixture 
containing atomized liquid hydrocarbon and contacting 
said mixture containing the atomized liquid hydrocar 
bon with a ?xed catalyst bed, the improvement com 
prising: _ 

directing one or more jet streams of atomized hydro 
carbon, oxygen~containing gas and steam from said 
nozzle means into said atomizing zone at a velocity 
of from 100 m/sec to sonic velocity at the nozzle 
outlet, and after mixing same in said atomizing zone 
introducing said mixture to the catalyst bed while 
maintaining the residence time of said hydrocarbon 
in said atomizing zone in the range of from 0.05 to 
5 seconds, substantially without forming eddy cur 
rent, and carrying out the reaction at a temperature 
of from 850° C. to 1200° C. to form said gas mixture 
while avoiding deposition of solid carbon on said 
catalyst bed. . 

3. A process as claimed in claim 2, in which said 
catalyst contains at least a metal selected from the group 
consisting of alkali metals and alkaline earth metals. 
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4. A catalytic partial oxidation process for producing 
a gas mixture containing hydrogen from a liquid hydro 
carbon containing a heavy residual oil, said process 
utilizing an atomizing nozzle, means de?ning a catalyst 
free atomizing zone and a ?xed catalyst bed composed 
of a catalyst effective to cause partial oxidation of said 
liquid hydrocarbon to form said gas mixture, said atom 
izing zone being disposed between said nozzle and said 
?xed catalyst bed with the end of said atomizing zone 
adjacent said nozzle being disposed to receive one or 
more jet streams from said nozzle and wherein the other 
end of said atomizing zone projects into said ?xed cata 
lyst bed, said process consisting essentially of the steps 
of: feeding to said nozzle said liquid hydrocarbon con 
taining a heavy residual oil, oxygen or an oxygen-con 
taining gas having a temperature of from 200° to 1000° 
C. and steam having a temperature of 200° to 1000° C. 
wherein the steam/ carbon mole ratio is from 0.3 to 2.5 
and the oxygen/carbon ratio is from 0.25 to 0.7, atomiz 
ing said liquid hydrocarbon in said oxygen or oxygen 
containing gas and steam to form one or more jet 
streams of ?ne drops of liquid hydrocarbon mixed in 
said oxygen or oxygen-containing gas and steam, direct 
ing said jet stream or streams into said atomizing zone at 
a velocity of from 100 m/sec to‘ sonic velocity and 
?owing said jet stream or streams through said atomiz 
ing zone which has a length such that residence time of 
the liquid hydrocarbon in said atomizing zone is from 
0.05 to 5 seconds and so that the jet stream or streams in 
said atomizing zone are substantially free of eddy cur 
rents whereby ?ne drops of liquid hydrocarbon are 
uniformly mixed in said oxygen or oxygen-containing 
gas and steam and the liquid hydrocarbon drops become 
heated in said atomizing zone and directing the uniform 
mixture of ?ne drops-of liquid hydrocarbon, oxygen or 
oxygen-containing gas and steam into and through said 
?xed catalyst bed at a temperature of from 850° to 1200° 
C., at a pressure from atmospheric pressure to 150 
Kg/cm2 gauge, and effective to cause said liquid hydro 
carbon to undergo partial oxidation to form said gas 
mixture while avoiding deposition of solid carbon on 
said catalyst bed. 

5. A'catalyticpartial oxidation process for synthesiz 
ing a gas mixture containing hydrogen from a liquid 
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hydrocarbon containing a heavy residual oil, said pro 
cess utilizing an atomizing nozzle, means de?ning a 
catalyst-free frusto-conical or cylindrical elongated 
atomizing zone and a ?xed catalyst bed composed of a 
catalyst effective to cause partial oxidation of said liquid 
hydrocarbon to form said gas mixture, said atomizing 
zone being disposed between said nozzle and said ?xed 
catalyst bed with the end of said atomizing zone adja 
cent said nozzle being disposed to receive one or more 
jet streams from said nozzle and having an internal 
diameter not larger than twice as large as the diameter 
of said nozzle and wherein the angle of inclination of 
the side wall of said atomizing zone is smaller than the 
atomization angle of said nozzle, and wherein the other 
end of said atomizing zone projects into said ?xed cata 
lyst bed, said process consisting essentially of the steps 
of: feeding to said nozzle said liquid hydrocarbon con 
taining a heavy residual oil and having a temperature up 
to 400° C., oxygen or an oxygen-containing gas having 
a temperature of from 200° to l00O° C. and steam hav 
ing a temperature of 200“ to 1000° C. wherein the 
steam/carbon mole ratio is from 0.3 to 2.5 and the ox 
ygen/carbon ratio is from 0.25 to 0.7, atomizing said 
liquid hydrocarbon in said oxygen or oxygen-contain 
ing gas and steam to form one or more jet streams of 
?ne drops of liquid hydrocarbon mixed in said oxygen 
or oxygen-containing gas and steam, directing said jet 
stream or streams into said atomizing zone at a velocity 
of from 100 m/ sec to sonic velocity and at an atomiza 
tion angle of less than 90° and ?owing said jet stream or 
streams through said atomizing zone which has a length 
such that the residence time of the liquid hydrocarbon 
in said atomizing zone is from 0.05 to 5 seconds and so 
that the jet stream or streams in said atomizing zone are 
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substantially free of eddy currents whereby ?ne drops 
of liquid hydrocarbon are uniformly mixed in said oxy 
gen or oxygen-containing gas and steam and the liquid 
hydrocarbon drops become heated in said atomizing 
zone and do not form carbon either in the atomizing 
zone or upon contact with said ?xed catalyst bed; and 
then directing the uniform mixture of ?ne drops of 
liquid hydrocarbon, oxygen or oxygen-containing gas 
and steam into and through said ?xed catalyst bed at a 
temperature of from 850° to 1200' C., at a pressure from 
atmospheric pressure to 150 Kg/cm2 gauge, and effec 
tive to cause said liquid hydrocarbon to undergo partial 
oxidation to form said gas mixture while avoiding depo 
sition of solid carbon on said catalyst bed. - 

6. A process as claimed in claim 5, in which the liquid ' ' 
hydrocarbon has a temperature of from 100° to 350° C., 
the oxygen or oxygen-containing gas has a temperature 
of 200° to 800° C., the steam has a temperature of 400° 
to 800° C., the atomization angle of said nozzle is less 
than 45°, the reaction temperature is from 950' to "00° 
C. and the reaction pressure is from 30 to 100 Kg/cm2 
gauge. 

7. A process as claimed in claim 6 in which said liquid 
hydrocarbon is selected from the group consisting of 
crude oil, atmospheric pressure distillation residual oils, 
vacuum distillation residual oils, propane-deasphalted 
oil and mixtures thereof with light fractions of petro 
leum. 

8. A process as claimed in claim 7 in which said cata 
lyst contains as catalytically active ingredient at least 
one element selected from the group consisting of Na, 
K, Be, Mg, Ca and Sr. 
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